I
n the past decade we have been privileged to witness the creation and revolution of social media on the World Wide Web. Media content-whether it be images and video, networking, or online discussions-have become a daily and integral part of our lives. Lengthy conversations between groups of people are available publicly as never before, through blogs, discussion forums, Twitter, and social networking sites.
The abundance of content available on the web allows us to analyze the way people interact and the roles they play in a conversation on a large scale. One such role is that of "influencer," someone who influences others in the conversation. Detecting influence can be useful in tasks such as planning successful advertising strategies, political campaigning, and identifying terrorist leaders.
Before one can begin to explore how to detect influencers, one must first understand what makes someone an influencer. There are two different, but related, forms of influence: personal influence and social influence. Personal influence refers to influence by an individual, as evident by their participation in the conversation. Social influence refers to how influence spreads amongst a community. The focus of my research, and this article, is on the former.
In any conversation where participants express their beliefs, some people are more influential than others. An influencer can alter the opinions of their audience, resolve disagreements where others cannot, be recognized by others as one who makes important contributions, and often continue to influence a group even when not present. Other conversational participants often adopt their ideas and even the words they use to feature several weapons of influence. For instance, offering positive sentiments, such as compliments and praise, are likely to cause reciprocation. The role of opinion in reciprocation is strong motivation for including subjectivity and polarity in agreement detection. In addition, people are more likely to be influenced by someone who they like, even if the compliments are false. In fact, on an even more granular level it has been found the pronoun "we" indicates positive association with another and "they" indicates negative association with another, which is motivation for using parts of speech (POS) in opinion detection. Our work has explored opinion detection in four different social media: Twitter, LiveJournal, Wikipedia edit discussions, and SMS messages. The phrases of a sentence are classified for subjectivity (subjective/objective) and polarity (positive/ negative/neutral). nents, and are working to implement all of the components described here in the near future.
COMPONENTS OF INFLUENCE
Robert B. Cialdini defines several "weapons of influence" that a person can employ to influence others [1] : reciprocation (returning favors), commitment and consistency (being consistent with previous statements), social proof (following what others do), liking (being influenced more by people that one likes), authority (following people in authority), and scarcity (increased demand for things that are perceived to be scarce). These principles directly motivate the components of personal influence: opinion, claims, argumentation, persuasion, agreement, demographics, and dialogue patterns. As Cialdini describes, certain weapons may work better in different scenarios or, in our case, in different social media.
In the system that we have built each conversation is analyzed, by these components, for the main principles of influence in order to determine who the influencer(s) are in a conversation. Figure 1 shows an example of a conversation containing principles of influence.
Opinion. "Opinion detection" is the process of automatically identifying the sentiment in a body of text. It is a fundamental system used in several components of detecting influence. Its usefulness is evident in Influencers are rare, with most conversations having only one influencer or zero influencers. and Owen Rambow, automatically detected argumentation [4] .
Persuasion. An "attempt to persuade" is defined as a set of contributions made by a single participant which may be made anywhere within the thread, and which are all concerned with stating and supporting a single claim. The subject of the claim does not matter: An opinion may seem trivial, but the argument could still have the structure of a persuasion. An attempt to persuade must contain exactly one claim and at least one instance of argumentation as described previously.
Agreement. It is human nature to automatically respond to what others say or do. A person can respond by either agreeing or disagreeing with what someone else says. Several weapons of influence indicate that agreement can be useful for detecting influence. The obvious connection is reciprocation; if someone says something positive, or using a nice manner, a person will be more likely to agree with them in return. If someone says something negative, or uses a rude tone, a person will be likely to disagree with them. Furthermore, once someone agrees with someone else they are likely to agree again for the sake of commitment and consistency. This is evident from a 1976 study that found people in a California neighborhood were more likely (76 percent versus 17 percent) to allow a "Drive Carefully" sign be displayed on their lawn if they had previously signed a petition that favored "keeping California beautiful" (which most people had signed).
Scarcity, in the form of a restriction (e.g enforcing a strict no drinking policy on teenagers), is likely to cause a negative reaction, which will cause others to react by defying and disagreeing with the restriction and the person who placed it.
We use the "create debate" discussion forums to automatically generate an agreement corpus where the side of the argument a person indicates is used to determine whether they agree or disagree with the person they are responding to (i.e. if the two participants are on different sides then they disagree). We detect agreement through patterns in the dialogue such as distance from the first comment in the discussion and the similarity between the words and structure that participants use when agreeing or disagreeing.
Demographics. Age, gender, and location reflect one aspect of how people are similar or different. Social proof and liking dictate people are more likely to be influenced by someone who is similar to them. In fact, social proof is such a strong indicator that it has been linked to copycat suicides. Known as the "Werther effect," it is when a suicide sometimes causes similar people to commit suicide. In addition, association to a person through age, location, or gender will cause positive feelings toward that person (i.e. liking). This effect is evident when people root for their local sports team. Our age detection research investigated how writing style and content differ in social media based on a person's age [5] . We found significant changes in writing style occurred within the collegeaged population during the emergence of popular social media such as Facebook and instant messaging (see Figure 2) . In the future, we plan on adapting our age detection system to perform gender detection.
Dialogue Patterns. Lastly, specific "patterns in dialogue" can be useful for determining if someone is influential. These patterns include:
˲ Initiative. Whether the participant is or is not the first poster of the It is common in social media discussions to find abbreviations, acronyms, and emoticons. Therefore, our system is geared toward social media through the inclusion of dictionaries and stylistic features such as emoticons (e.g. :) and <3), acronyms (e.g. LOL and IDK), and word lengthening (e.g. loooooove) [2] .
Claims. "Claim detection" is the automatic detection of sentences that are "opinionated claims"-sentences in which the author expresses a belief. A claim refers to assertions by a speaker who is attempting to convince others that his or her opinion is true. "This, as I said earlier, is a complex issue," is an example of an opinionated claim because it is a personal view of the author. Claims are important for detecting influence on their own, as well as for detecting attempts to persuade.
Claims are motivated by opinion and the author is expressing a belief, which is motivated by commitment and consistency. A person needs to stand by their belief in order for it to hold value in the eyes of others. Our system detects claims by using several indicators such as opinion detection and belief detection [3] .
Argumentation. The need for participants to justify the claims made in a conversation in order to convince the reader that the claim is true and/ or relevant to the discourse is "argumentation." For example, in the sentence, "I'd post an update with the new date immediately in case anyone makes plans between now and when you post the reminder," the claim "I'd post an update with the new date immediately" is followed by the argumentation "in case anyone makes plans between now and when you post the reminder." Social science has found argumentation to be indicative of influence. For instance, an experiment examining requests to cut a waiting line found if the person followed their request with a reason, people were more likely to concede. In fact, the study showed people will concede 93 percent of the time if the requester simply used the word because, even if the reason that followed did not add any new information. In previous work, my colleagues, Or Biran Detecting influence can be useful in tasks such as planning successful advertising strategies, political campaigning, and identifying terrorist leaders. feature relevance, a person with low influence will often take longer to get a response.
Our use of many of these patterns to detect influencers is motivated by the psychological process of "social proof." Being followed (initiative) is an indication of influence, being ignored (irrelevance) indicates a lack of influence, and the point at which a person joins the conversation indicates how quick they are to follow others or be followed (interjection).
IMPACT OF COMPONENTS
Our current approach to influence detection [6] is based on three conversational behaviors, which are identified using the components described earlier. Motivated by our definition, each component is concerned with an aspect of discourse behavior that an influencer is likely to possess: persuasion, agreement, and dialogue patterns.
In our experiments, we used our system to predict influence in two different social media platforms: 245 LiveJournal weblogs and 88 Wikipedia edit discussions. Human classification was used to label the influencers in each discussion. Our system uses the components to answer the following question: "Is Participant X an influencer in Discussion Y?" (see Figure 3) . Our results are reported using an F-score, which is the harmonic mean of precision and recall. Precision indicates the fraction of influencers, I, which are correctly identified out of all people in the discussion, and P, formulated as (I P )/P. Recall indicates the fraction of influencers who are retrieved out of all the influencers in the discussion, formulated as (I P )/I. In our experiments, accuracy is generally high due to the high bias towards people being non-influential. Therefore, it important to use F-score as it reflects how well we can identify the influential people.
Cialdini stated the principles of influence that work best differ depending on the conditions of each situation [1] . Our preliminary results seem to confirm this: The best components differed for LiveJournal and Wikipedia discussion forums. For Wikipedia the F-score is 55.5 percent; it includes thread. Initiating the conversation is a strong indication of influence in some domains.
˲ Irrelevance. A high percentage of the participant's posts that are not replied to indicates that they are not influential.
˲ Incitation. The length of the longest branch of posts that follows one of the participant's posts. A post that initiates a lengthy conversation is an indication of influence.
˲ Investment. The percentage of all posts in a thread that are made by a particular person indicates that persons' investment. Little participation can indicate a lower chance of being influential.
˲ Interjection. The point in the thread at which the participant enters the discussion can indicate how influential they are. For instance, if they entered the conversation toward the beginning or end, it can indicate that they were part of the final decision process and ultimately influential.
˲ Inquisitiveness. The percentage of the participant's sentences that are questions; asking questions can indicate a lack of understanding, which in turn indicates that the participant has less chance of being an influencer.
˲ Interval. The period of time it takes to receive a response. Like irPeople are more likely to be influenced by someone who they like, even if the compliments are false. ˲ Who are the most influential people on a given topic each day? Which days were most influential? ˲ Which online genre had the most influencers on the topic? How did the influence of the topic spread across a genre?
˲ Can the trend be related to a major news event?
Detecting influencers in online discussion is non-trivial and straddles the divide between social sciences and engineering. Our work has shown promising results, though, and holds numerous possibilities for the future. It could help political candidates decide where to focus campaigning efforts and it can allow voters to find pertinent information from influential sources. It could easily be extended to other areas such as advertising or defense.
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